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Tensionless super–p–branes in a generalized superspace with additional tensorial central charge coordinates
might provide an extended object model for BPS preons, i.e. for hypothetical constituents of M–theory preserv-
ing 31 of 32 supersymmeties.
1. Introduction. Recently a new wave of interest to high–
spin theories and their supersymmetric extensions can be wit-
nessed [1–6]. Moreover, the study of [7,2,4] exhibits the rela-
tion of the massless high–spin theories with simple particle–
like dynamical models [8,9] living in generalized superspace
(
n(n+1)
2 jn) with local coordinates
ZM = (X , θ) , X = X , α = 1, . . . , n , (1)
[10,11]. This relation suggested a way to introduce a concept
of causality in ’symplectic spacetime’ (
n(n+1)
2 j0) [4] (i.e. in
a bosonic body of (
n(n+1)
2 jn)) parametrized by symmetric
GL(n)–tensor coordinates X = X [12].
For n = 2k, where α can be treated also as a spinor index
of D–dimensional Lorentz group SO(t, D − t) with some D
and t, X = X can be regarded as symmetric spin–tensor
coordinates. For k > 1 the set of such bosonic coordinates in-
cludes, in addition to the usual D–dimensional spacetime co-
ordinates x = XΓ , also a set of antisymmetric tensorial
coordinates y1:::q = XΓ1:::q() (y , y1:::5 for D = 11
generalized superspace (528j32)). Just the introduction of
gamma–matrices or, equivalently, a distinction between the
vector and antisymmetric tensor coordinates breaks the evi-
dent GL(n) symmetry of the generalized superspace down to
Spin(t, D− t). (Note that n = 32 case allows also SO(2, 10)
interpretation, in which X contains antisymmetric tensor
coordinates only [13–15]). Such breaking of high spin GL(n)
symmetry (actually OSp(2nj1) symmetry, see [1,2,4,8,7] and
item 4 below) is expected to be spontaneous.
An important property of the models [8,9], which has not
been reflected yet in the high spin theories, is that they de-
scribe BPS states preserving all but one spacetime supersym-
metries. This property is closely related to the fact that these
models produce the generalized Penrose relation
P = λλ (2)
(cf. [16]) as a constraint for the momentum P(τ) canoni-
cally conjugate to the coordinate function X(τ),
P(τ)− λ(τ)λ(τ) = 0 . (3)
Here τ is a proper time parametrizing a worldline W 1 in gen-
eralized superspace,
W 1 2 ( n(n+1)2 jn) : X = X(τ) , θ = θ(τ) , (4)
X(τ) and θ(τ) are bosonic and fermionic coordinate
functions.
The most general supersymmetry algebra (called M–
algebra in D = 11 case, i.e. for n = 32, [17])
fQ, Qg = P , [Q, P ] = 0 , (5)
is realized in the model of [8] on the Poisson brackets (for
shortness, we ignore the i factor appearing in the Poisson
brackets). After quantization, schematically (see [8,7] for rig-
orous Hamiltonian analysis and quantization), Eq. (2) could
be considered as a condition on the state vector jλ > of the
quantum dynamical system,
P jλ >= λλ jλ > . (6)
Such state was called BPS preon in [18] (the reasons will be-
come clear below). Eq. (6) implies
fQ, Qgjλ >= λλ jλ > . (7)
Then, introducing an auxiliary set of (n − 1) contravariant
GL(n) vectors (SO(t, D − t) spinors) wI being orthogonal
to the covariant GL(n) vector λ,
wI λ = 0 , I = 1, . . . , (n− 1) , (8)
one finds wI fQ, Qgjλ >= 0 . As a result, one can con-
clude that the BPS preon state jλ > preserves all but one
((n− 1) of n) supersymmetries [18],
QI jλ > wI Qjλ >= 0 , I = 1, . . . , (n− 1) . (9)
Let us stress that the set of (n − 1) vectors wI is pure auxil-
iary and has been introduced for the sake of convenience only.
The preservation of (n−1) of n supersymmetries by the state
jλ > is encoded in the fact that the eigenvalue matrix λλ of
the operator fQ, Qg, Eq. (7), has the rank one.
Note that the causal structure of the symplectic spacetime
(
n(n−1)
2 j0), which was found in [4], is related to the observa-
tion that the state jλ > obeying Eq. (6) provides the general
solution of the conformal high–spin wave equation [2]
1
(PPγ − PγP)jλ >= 0 . (10)
The algebra similar to (5) is obeyed by the fermionic con-
straints D(τ) ( fD, Qg = 0 ),
fD, Dg = −P , [D, P ] = 0 . (11)
Eqs. (11) and (3) imply that (n − 1) of n fermionic con-
straints, DI = wI D, are of the first class. These first class
constraints generate (n− 1) local fermionic κ-symmetries on
the Poisson brackets. Thus the number of κ–symmetries of
the worldline actions [8] coincides with the number of super-
symmetries preserved by BPS preon state (see [18]), in corre-
spondence with general expectations (see, e.g. [19], and [20]
for extended discussion). Thus, one can consider the presence
of (n − 1) κ–symmetries as the main characteristic property
of a BPS preon model in a superspace with n fermionic coor-
dinates.
The states jλ > were used in [18] to provide a complete
algebraic classification of the BPS states in M–theory (hence,
the name BPS preons [18]). This suggests to conjecture that
any BPS state jΨk > is a superposition of a definite number
k of the BPS preons [18]. The number k is determined by the
rank of its generalized momentum matrix p ,
P jΨk >= p jΨk > , rank(p) = k . (12)
Then (see [18]) there exists a set of k GL(n) vectors λa







Eq. (13) allows to speculate that the BPS state jΨk >, satisfy-
ing Eq. (12), can be considered as composite of k preon states
jλa >, a = 1, . . . , k [18].
The existence of BPS preons and other BPS states preserv-
ing more then 1/2 of the supersymmetry (i.e. composites of
k < n/2 preons) is allowed from the algebraic point of view
[8,21,22]. However, for a long time realizations of such states
as solitonic solutions of ’usual’ D  11 supergravity equa-
tions were not known. Moreover, the first search in simple
models gave negative results [22]. However, recently such so-
lutions (now with up to 28 of 32 supersymmetries preserved)
have been found [23–25] as a particular case of pp–waves
[26]. Thus the expected BPS preon conspiracy (i.e., the ex-
pectation that BPS preons and the states composed from less
than n/2 BPS preons cannot be realized in the ’usual’ super-
space) [18] is broken (at least partially). The relation of such
solutions with the models in generalized superspace has not
been clarified yet. One may assume that the (constant) ’val-
ues’ of antisymmetric tensor fields, characteristic of the pp–
wave background, should play there the role of some tenso-
rial coordinates of generalized superspace (cf. [11]), but the
details of embedding of pp–wave spacetimes into the general-
ized superspace require additional study.
Here we address another problem. Only the point–like
models with the properties of BPS preons [8] (and compos-
ites of less than n/2 preons [9]) were known in the gener-
alized superspace. On the other hand, if one takes seriously
the hypothesis [18] that all the M-theory BPS–states (M2–
brane, M5–brane, intersecting brane configurations, etc.) are
composed from the (n = 32) BPS preons, one should find
for the latter an extended object model (i.e. the model with
p–dimensional worldvolume W p+1 rather than worldline W 1
(4)), at least in the generalized superspace.
The main message of this letter is that such a model for
D = 11 BPS preons is provided by a ’twistor–like’ formu-
lation of tensionless p–branes in the generalized superspace
(528j32). Moreover, the model can be formulated in an arbi-




Previously, tensionless p–branes in D = 4 (n = 4) gen-
eralized superspace (10j4) were studied in [27,28]. In [28]
it was found that the twistor–like formulation of the tension-
less p–brane in (10j4) (which generalize the model from [29]
for the case of additional tensorial coordinates) possess 3 κ–
symmetries.
We will show here that for any n (or D), including n = 32
(D = 11), ( n(n+1)2 jn) generalization of the tensionless p–
brane action from [29] possesses (n − 1) κ–symmetries. In
the light of the above mentioned correspondence, this implies
that n = 32 (D = 11) version of this action provides a dy-
namical model for the BPS state which preserves 31 of 32
supersymmetries, i.e. an extended object model for the BPS
preon.




the following action for an extended object (p–brane) moving









dp+1ξ ρmm λλ (14)
(cf. [29] for usual D = 4 superspace and [30] for p = 0). Here
  dξmm = dX(ξ)− idθ( θ)(ξ) (15)
is the pull–back of the supersymmetric Volkov–Akulov 1–
form for (
n(n+1)
2 jn) on the worldvolume
W p+1 2 ( n(n+1)2 jn) : X = X(ξ) , θ = θ(ξ) (16)
parametrized by local coordinates ξm, m = 0, 1, . . . , p;
ρm = ρm(ξ) is a Lagrange multiplier and λ = λ(ξ) are
auxiliary bosonic variables.
The action (14) does not contain a dimensionfull parameter.
This allows to call our dynamical system tensionless super–p–
brane in generalized superspace.
For n = 4 the counterpart of the action (14), with λ
treated as Majorana representation for D = 4 Lorentz har-
monics [30], was studied in [28]. On the other hand, for
n = 2k = dim(Spin(1, D − 1)), substituting Γ m 
Γ (∂mx
 − i∂mθΓθ) for m in Eq. (14), one arrives at
the D dimensional generalization of the null–super–p–brane
action from [29]. Certainly, only for D = 3, 4, 6, 10 the mo-
mentum density P(ξ) = λΓλ is light–like and the tension-
less super–p–brane can be called null–super–p–brane.
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The set of global symmetries of the action (14) includes
GL(n) transformations acting on the indices α, β = 1, . . . , n.
It is also invariant (by construction) under the global super-
symmetry
δX
(ξ) = i(θ)(ξ) , δθ(ξ) =  , (17)
δλ(ξ) = 0 , δρm(ξ) = 0 ,
The generators Q of the supersymmetry (17) satisfy the
algebra (5) involving the generator P of the translations:
δaX
(ξ) = a , δaθ(ξ) = 0, δaλ(ξ) = 0, δaρm(ξ) = 0.
The straightforward calculation of canonical momentum
for X(τ), P = @L@0Xαβ , results in the primary constraint
 = P(ξ)− ρ0(ξ)λ(ξ)λ(ξ) = 0 , (18)
(cf. Eq. (3)) which implies the propagation of the extended
object in the directions characterized by λ(ξ). Such direc-
tions could be regarded as (
n(n+1)
2 jn) generalization of the
light–like directions of usual D–dimensional superspace.
The calculation of other canonical momenta, P(ξ) =
@L
@(@0α)
, Pm = @L@(@0m) and pi(ξ) = @L@0α also results in
the constraints: P(ξ) = 0, Pm = 0 and
D = pi(ξ) + iPθ(ξ) = 0 . (19)
The fermionic constraints (19) obey the algebra (11) on the
Poisson brackets. This already indicates the presence of
(n − 1) local fermionic κ–symmetries, which we are going
to describe explicitly in the Lagrangian approach.
3. κ–symmetry and other gauge symmetries. It is conve-









− i ∫ dp+1ξ ρm∂mθλδθλ , (20)
where i  δX − iδθ( θ) , and integration by parts
has been performed. Eq. (20) makes evident that the action
(14) possesses (n− 1) κ–symmetries
δρ
m = 0 , δλ = 0 , (21)
δX
(ξ) = iδθ(θ)(ξ) , (22)
δθ
(ξ) = κI(ξ)wI (ξ) , I = 1, . . . , (n− 1) . (23)
In Eq. (23) wI (ξ) are (n − 1) (auxiliary) GL(n) covector
variables which are orthogonal to GL(n) vector λ(ξ), Eq.
(8). In other words, the κ–symmetry transformation of the
Grassmann coordinate function (23) is provided by the gen-
eral solution of the equation
δθ
(ξ)λ(ξ) = 0 . (24)
Thus, we are not enforced to consider an extension of the
phase space of our dynamical system by incorporation of aux-
iliary variables wI (ξ) and their momentum. We can keep in-
stead Eqs. (22), (21), (24) as the definition of the κ–symmetry.
(However, we are allowed to use wI (ξ) as a convenient tool
to present the results in a transparent form).
The bosonic ’superpartner’ of the fermionic κ–symmetry is
provided by δbθ(ξ) = 0, δbρm = 0, δbλ = 0 and
δbX
(ξ) = bIJ(ξ)wI (ξ)w

J (ξ) , (25)
with n(n−1)2 parameters b
IJ(ξ) = bJI(ξ), I, J = 1, . . . , (n−
1). The only nontrivial part of the b–symmetry transforma-
tions, Eq. (25), is the general solution of the equation
δbX
(ξ)λ(ξ) = 0 . (26)
Note also an evident scaling gauge symmetry of the functional
(14), δsθ(ξ) = 0, δsX(ξ) = 0,
δbρ
m = −2s(ξ)ρm , δsλ = s(ξ)λ(ξ) , (27)
as well as the symmetry under worldvolume general coordi-
nate transformations (in their variational version ~δg:c: charac-
terized by ~δg:c:ξm = 0, see [20] and refs. therein)
~δgc(X, θ λ) = tm(ξ)∂m(X , θ λ) , (28)
~δgcρm = ∂n(ρmtn)− ρn∂ntm . (29)
4. Supertwistor representation and OSp(64j1) symmetry
of the BPS preon model. Let us use the Leibniz rule (no in-
tegration by parts and no gauge fixing) to present the action
(14) in the equivalent form
S = 12
∫
dp+1ξ (λρm∂mµ − ρm∂mλ µ)− (30)
− i2
∫
dp+1ξ ρm∂mη η) .
Here
µ = Xλ − i2θθλ , η = θλ , (31)
can be regarded as components of OSp(2nj1) supertwistor
YΣ = (λ µ η ) (32)




dp+1ξ ρm∂mYΣ CΣΛ YΛ , (33)
where
CΣΛ =





is the orthosymplectic (OSp(2nj1) invariant) ’metric’ tensor.
The Lagrange multiplier ρm does not carry physical de-
grees of freedom. Indeed, using the general coordinate trans-
formations ~δgc, Eq. (29), and the scaling symmetry, Eq. (27),
one can fix, e.g., the gauge ρm(ξ) = δm0 . The generalized
Penrose correspondence (31) clearly does not restrict µ (as
the first term in r.h.s contains n(n+1)2 parametric X
). Hence
the tensionless super–p–brane model allows a representation
in terms arbitrary 2n bosonic and 1 fermionic components
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of the orthosymplectic supertwistor (32) which represents all
the physical degrees of freedom of the system and makes the
global OSp(2nj1) symmetry manifest. In particular, this im-
plies that for n = 32 (i.e. D = 11) the extended BPS preon
model (14) possesses OSp(64j1) generalized conformal sym-
metry, which is characteristic both for high–spin theories (see
[1,2,4]) and two–time physics approach to M-theory [31].
5. Conclusion. We have shown that the dynamical system
described by the action (14) possesses (n−1) local fermionic
κ–symmetries. Hence, in n = 32 (D = 11) such a dynam-
ical system can be considered as an extended object model
for BPS preons (hypothetical constituents of M-theory [18]).
We call this object tensionless super–p–brane in generalized
superspace (
n(n+1)
2 jn) = f(X, θ)g. The reasons are that
the action (14) does not contain dimensionfull parameter, and,
moreover, the constraints (18) imply propagation in the gen-
eralized light–like directions of (
n(n+1)
2 jn) (cf. [2]).
We have shown as well that the n = 32 BPS preon model
possesses OSp(64j1) symmetry, which was suggested to be
a generalized conformal symmetry of M-theory (see [31,18]
and refs. therein). It becomes transparent after passing to the
equivalent supertwistor representation, Eq. (30) or (33), of
the action (33). This simple transformation also exhibits the
physical degrees of freedom of the dynamical system.
The most challenging problem in the frame of the BPS
preon conjecture is to establish a mechanism of tension gen-
eration and formation of the fundamental M–branes from the
set of extended BPS preons. Probably, an embedding of the
present model into a straightforward p > 0 generalization of
the two–time physics superparticle model [31] might help in
its solution.
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